A new model to evaluate Raf signaling in hematopoietic cells.
The Raf/MEK/ERK pathway is thought to be critical in mediating cell survival and proliferation by cytokine receptors. However, the exact contribution of Raf is complex and not well understood. A better understanding of Raf signaling is important because of the recent observation that B-Raf is frequently mutated in various human cancers. We have generated a new model system that activates Raf directly by linking the extracytoplasmic and transmembrane domains of the erythropoietin receptor (EPOR) with the catalytic domain of Raf (CR3). This synthetic oncogene in which dimerization can be controlled by an exogenous ligand, is fixed at the cellular membrane, while the endogenous Raf is normally activated by binding with Ras. The chimeric receptor EPOR/CR3 was stably expressed in Ba/F3 cells which lack EPO receptors. Although the lines remained dependent on IL-3 for proliferation, EPO treatment reduced the rate of cell death in the absence of IL-3. Also, EPO was synergistic with sub-optimal concentrations of IL-3 in inducing long-term cell proliferation, but did not augment proliferation of cells cultured with full concentrations of IL-3. EPO induced a rapid activation of ERK and also phosphorylation of endogenous Raf. It also induced tyrosine phosphorylation of several cellular proteins. The MEK1 inhibitor PD98059 reduced EPO-induced tyrosine phosphorylation, suggesting these substrates are downstream of MEK kinase. Interestingly, PD98059 also reduced the phosphorylation of endogenous Raf, indicating there is a positive feedback mechanism in Raf activation. We conclude that Raf can be activated by a mechanism that induces clustering at the cell membrane, and that this leads directly to activation of MEK and ERK. This EPOR/CR3 system may serve as a useful model to evaluate the unknown Raf kinase pathway and the effects of signal transduction inhibitors for Raf as a target.